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@ Silane mlcroemulsions. 

@ Clear stable micellar solutions comprising: 
(a) a silane represented by the formulae: 
OX^nSKRNHaR'bYcJn 
where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyalkoxy radical with 2 

to_8_carbon.atoms s .or_an.alkyl.rfldicaLwith_1_to.6- 

carbon atoms; 

Y denotes an acid anion ; 
nis1,2or3; 

R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms ; 

R' denotes aJkyl radicals with 1 to 22 carbon 
atoms; saturated hydrocarbon radicals contain- 
ing nitrogen, or unsaturated hydrocarbon radi- 
cals containing nitrogen; 

ais0,1or2; 

bis 0,1, 2, or3; 

cis0or1;the sum of a + b is 2 or 3 and when 
the sum of a and b is 3, c is 1 , otherwise c is 0" 

ii) X4-nSI(RPR" 3 Y)n 
where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyalkoxy radical with 2 
to 8 carbon atoms, or an aikyl radical with 1 to 6 
carbon atoms, R denotes a divalent hydrocarbon 



radical with 1 to 6 carbon atoms, R" denotes an 
aikyl radical with 1 to 20 carbon atoms, or a 
phenyl radical, and n Is 1 , 2, or 3; or 
iiOXsSfR* 

where X denotes an alkoxy radical with 1 to 6 

^*on-atcmsrcr-an-dkox>^kcxy-radicai-with : 2- 

to 8 carbon atoms, or an aikyl radical with 1 to 6 
carbon atoms and R" denotes amalkyl radical 
with 1 to 6 carbon atoms or a phenyl radical; and 
(b) a cosurfactant with an HUB of at least 1 . 
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Descripti n 

SILANE MICROEMULSIONS 

The present invention relates to microemulsions, clear mioellar solutions, and clear liquid crystalline 
solutions stabilized by a combination of a silane and a cosurfactant. These microemulsions and micellar 
s solutions are effective delivery systems for the silane surfactants. 

For the purposes of the present application, the term "microemulsion" is understood as a stable mixture of a 
water immiscible oil phase and a water phase. In general, there are at least two types of microemulsions 
oil-in-water types and water-in-oil types. In oil-in-water type microemulsions, the oil phase is discontinuous 
with a continuous water phase. In other words, the oil phase is comprised of droplets of oil suspended in a 

10 continuous water phase. In water-in-oil type microemulsions, the water phase exists as discontinuous 
droplets in a continuous oil phase. Microemulsions of both types are characterized by particle sizes. The size 
of ttie discontinuous phases are generally less than 0.150 micron in diameter. Because of the small average 
particle size microemulsions are clear solutions containing micelles with average particle sizes less than 0 150 
micron in diameter. These clear or translucent solutions are particularly stable. They do not separate into 

15 distinct oil and water layers with time. Microemulsions are also more stable than standard emulsions made 
from the same matenais, and exhibit greater freeze-thaw stability and ease of formulation than their standard 
emulsion counterparts. The term -clear mixture", for the purpose of this Invention, is understood to 
encompass micellar solutions, microemulsions. and liquid crystalline solutions, but does not include classic 
so utions. The term 'clear mixtures" is also understood to encompass mixtures which are translucent 

20 Liquid crystalline solutions are mixtures of at least two components and as many as four componets- a 
surfactant or emulsifier component, a water immiscible component, a water component and a cosurfactant 
component. The emulsifier or surfactant molecules are arranged in liquid crystalline solutions in such a way as 
to form relatively large crystal like structures which raise the viscosity of the solution sometimes to the point 
where the solution appears as a solid. When the dimensions of the crystals are sufficiently small the liquid 

25 crystalline solutions are clear or translucent. 

Microemulsions have been known for a number of years. In fact, many commercial microemulsion products 
exist including paste waxes, cutting oils, delivery systems for pesticides, and flavor oil microemulsions. 

The term micellar solutions" for the purposes of the present application is understood to mean solutions 
with particle sizes of less than 0.150 micron. In general, these include solutions of surfactants and mixtures of 

30 surfactants and cosurfactants. Micellar solutions also encompass the aforementioned microemulsions, but 
also include solutions where only a water phase or an oil phase exist in combination with an emulsifier. The 
emulsifier molecules in micellar solutions aggregate and orient so as to expose one portion of the molecule to 
the continuous phase of the solution, and orient the other portion of the molecule towards similar portions of 
other emulsifier molecules. For instance, in aqueous micellar solutions the emulsifier molecules will orient their 

35 hydrophillic portions towards the continuous water phase, and orient their hydrophobic portions towards the 
interior of the emulsifier micelle. 

In general, microemulsions exist as a means for delivering an oil (or other water immiscible component) to a 
surface in a convenient form. For instance, paste waxes are oil-in-water microemulsions which deliver the wax 
in a less viscous form to the substrate to be polished than pure wax. Microemulsions of flavor oils are used to 

40 dehver flavor to soft drinks. In both cases, the primary use of the microemulsion is to deliver the oil to a 
substrate Other uses of microemulsions take advantage of the physical properties of specific 
microemulsions. For instance, microemulsions used as cutting oils are particularly effective lubricants and 
coolants. 

Microemulsions containing organosiloxanes are known in the art. U.S. Patent No. 3,294,725 issued to 
45 Findlay et al. teaches a method of polymerizing polysiloxane precursor molecules by an emulsion method 
using surface active sulfonic acid catalysts which act as polymerization catalysts and as emulsifiers. Example 
24 of the Findlay patent shows how to make a translucent emulsion of polydimethylsiloxane. Findlay does not 
teach using silanes as emulsifiers for clear microemulsions. 
Cekada et al.. U.S. Patent No. 3,433,780 teaches how to make translucent dispersions of silsesquioxanes of 
SO the general formula RSi0 3 / 2 where R denotes an alkyl radical with 1 to 6 carbon atoms or a phenyl radical 
Cekada s dispersions have particle sizes in the range of 0.001 to 0.100 micron and contain less than 10 weight 
percent silsesquioxanes. The silsesquioxanes are resins according to Cekada 

US. Patent No. 4,052,331 issued to Dumoulin teaches a special emulsifier composition which can be used to 
stabilize polysiloxane oil-in-water microemulsions. The emulsifier composition comprises: n-alkyl monoether 
55 of po yethylene glycol; sodium dialkylsulphosuccinate; an acid selected from oleic, linoleic. linolenic and 
ncnoleic; and amine. Variation of the composition outside the limits of the invention produc s coarse 
do U not°iTOk!dTSi?es aneand Water " rath8r tha " microemulsions thereof - Dunioulin's emulsifier compositions 

en ~i U ' S ' Pb ^ No - 4,146,499 issued to Rosano teaches a method for producing low solids content oil-in-water 
60 microemulsions. Rosano's method does not t ach the use of silanes in combination with organic surfactants 

as effective emulsifiers for microemulsions. 
U.S. Pat nt No. 4 529,758 issu d to Travers teaches stable dispersions of silicone r sins. Travers's stable 

resin suspensions do not suggest the use of silanes as suspending agents. 
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U.S. Patent No. 4,620,878 Issued to Gee t ach s a method for making stable microemulsions of polar radical 
containing polysiloxan oils. Gee teaches using organic emulsifiers in the claimed process. 

U.S. Patent No. 4,631 ,273 Issued to Blehm t al. teach s using silanes as emulsifiers for stabilizing standard 
oil-in-water emulsions. The patent does not t ach how to make microemulsions. 

The pr sent invention relates to clear compositions comprised f : 5 

(a) a silane represented by the formulae: 

i) X4-nSi(RNH a R'bY c )n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyaikoxy radical with 2 to 8 
carbon atoms, or an alkyi radical with 1 to 6 carbon atoms ; 

Y denotes an acid anion ; 1n 

nls1,2or3; 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms: 

R' denotes alkyl radicals with 1 to 22 carbon atoms; saturated hydrocarbon radicals containing 
nitrogen, or unsaturated hydrocarbon radicals containing nitrogen; 
ais0,1or2; 
bis 0,1, 2, or 3; 

c is 0 or 1 ; the sum of a + b is 2 or 3 and when the sum of a -f b is 3, c is 1 , otherwise c is 0- 

ii) X4.nSi(RPR" 3 Y) n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyaikoxy radical with 2 to 8 
carbon atoms, or an alkyi radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 20 
with 1 to 6 carbon atoms, R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical 
and n is 1,2, or 3; or 

iii) XaSiR" 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyaikoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R" denotes an alkyl radical with 1 to 6 25 
carbon atoms or a phenyl radical; 

(b) a cosurfactant compound which has an HLB factor of at least 1, In sufficient quantity that when 
combined with said silane forms a clear mixture at room temperature which can be diluted with water to 
form a clear micellar solution. 

The invention also relates to micellar solutions, oll-in-water and water-in-oll microemulsions, and liquid 30 
crystalline solutions made using said clear mixtures. 

The present invention relates to novel clear mixtures comprised of a silane (a), and a cosurfactant (b) 
Optionally, the clear mixtures may further comprise a minor portion of water (c) to form clear and stable 
micellar solutions or liquid crystalline solutions. The clear mixtures of silane and cosurfactant can also be 
diluted with a major portion of water (d) to form clear, stable micellar solutions, or they can be mixed with a 35 
water immiscible oil (e) and then diluted with a minor portion of water to form wateNn-oll microemulsions or 
diluted with a major portion of water to form clear, stable oll-in-water microemulsions. 

Silanes which can be used in the present Invention are widely varied In structure and include silanes 
represented by the formulae 

i)X4-i,Si(RNHaR'bYc)n ^ 
where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyaikoxy radical with 2 to 8 carbon 
atoms, or an alkyi radical with 1 to 6 carbon atoms; 

Y denotes an acid anion; such as a chloride, bromide, Iodide, sulfate, or phosphate with the 
monovalent halide anions being preferred ; 

nis1,2or3; ^ 
R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms ; 

R' denotes alkyl radicals with 1 to 12 carbon atoms; saturated hydrocarbon radicals containing 
nitrogen, such as 
-CH 2 CH 2 NH 2> 

-CH2CH2NHCH3, or ™ 
-CH 2 CH 2 N(CH3)2. 

oruTisafoTateu hydrocarbon 



-Ch 2 CH 2 NHCH 2 C6H4CHCH 2 ; 
aisO, 1or2; 

bis0,1,2,or3; ^ 

cis0or1;thesumofa + bis2or3and whenthesumof a + b is 3, c is 1, otherwise c is 0* 
li)X4.nSi(RPR" 3 Y)„ ' 
where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyaikoxy radical with 2 to 8 carbon 
atoms, or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical with 1 to 6 
carbon atoms, R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical, and n is 1 2 or 3 • 60 
or 1 
iii) XsSiR" 

where X d notes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyaikoxy radical with 2 to 8 carbon 
atoms, or an alkyl radical with 1 to 6 carb n atoms and R m d notes an alkyl radical with 1 to 6 carbon 
atoms or a phenyl radical. ^ 
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Specific siianes within the scope of the invention are represented by the formulae: 

(CH30)3Si(CH 2 )3N + (CH3)2Ci8H 3 7Ci-, 
(CH30)3Si(CH2)3N + (CH 3 )2Ci 8 H37Br- ( 
5 (CH 3 0)3Si(CH 2 )3N + (CioH2i)2CH3 Ch, 
(CH30)3Si(CH 2 ) 3 N + (CioH2i)2CH3 Br~ 
(CH 3 0)3Si(CH2) 3 N + (CH3)3 CI-, 
(CHsOJsSiCHs, 
(CH 3 0)3SiCH2CH2CH 3l 
10 (CH 3 0)3SiCH2CH2CH2CH2CH 2 CH3 
(CHsOJsSiCeHs 

(CH 3 0)3SiCH2CH2CH 2 P + (C6H5)3 Cl-, 
(CH30)3SiCH2CH2CH 2 P + (C 6 H5)3 Br, 
(CH30) 3 SiCH2CH2CH2P + (CH 3 )3C|-, 
15 (CH 3 0)3SiCH2CH2CH2P + (CeHi 3 )3CI~ l 

(CH3)3Si(CH 2 )3N + (CH 3 )2Cl2H25 CI-, 

(CH3)3Si(CH 2 )3N + (CioH2i)2CH 3 CI", 

(CH 3 )3Si(CH2)3N + (CH 3 )2Ci8H37 CI", 

(CH 3 0)3Si(CH2)3N(CH3) 2l 
20 (CH 3 0)3Si(CH 2 )3N(CH 2 CH3)2, 

(CH30)3Si(CH 2 )3N(CH2CH2CH3) 2l 

(CH 3 0)3Si(CH2)4N(CH 3 ) 2 , 

(CH 3 0)3SiCH2CH(CH3)CH2N(CH3)2 f and 

(CH30) 3 Si(CH 2 )3N(CH 2 )2NHCH 2 C6H4CHCH2.HCI. 
25 Special precautions must be taken in the preparation of the above mentioned siianes. Although these 

siianes can be prepared by known methods, or acquired commercially, special care must be taken to remove 

lower alcohols, such as methanol, ethanol, or propane!, before blending the silane with the cosurfactant. Very 

often the siianes are commercially available in methanol based solutions. Failure to remove such alcohols will 

result in the formation of creamy white emulsions which relative to the microemulsions of the present invention 
30 are unstable in that they will form separate oil and water phases with time. For purposes of the present 

invention, it is understood that the formulas above represent the formula of the siianes as starting materials. 

Removing the lower alcohol from the commercial form of the silane may lead to partial hydrolysis of the silane 

when moisture is present. Therefore, it is necessary to strip the methanol from the silane mixture under as dry 

conditions as possible. While It is preferred to remove the methanol as completely as possible, siianes 
35 containing up to 4 weight percent residual methanol can be used successfully to form the clear mixtures of the 

present Invention. 

A wide range of cosurfactants can be used in the present invention in order to produce the clear pourable 
liquids, the clear stable micellar solutions, and the clear stable oil-in-water microemulsions of the present 
invention. Specifically, polyethylene glycol, ethylene glycol, pentanol, glycerine, and a polyoxyethylene glycol 

40 ether of linear alcohols, sold as Tergitol® 15-S-3 by Union Carbide were used successfully to produce the 
desired liquids, solutions and microemulsions. 

Other cosurfactants which can be used in the present invention are those surfactants which may be soluble 
in the water immiscible oil used in the particular emulsion. In general, these cosurfactants have an HLB factor 
of at least 1 and include sorbitan esters of fatty acids with 10 to 22 carbon atoms; polyoxyethylene sorbitol 

45 esters of C10 to C22 fatty acids having up to 95 percent ethylene oxide: polyoxyethylene sorbitol esters of C10 
to C22 fatty acids; polyoxyethylene derivatives of fatty phenols having 6 to 20 carbon atoms and up to 95 
percent ethylene oxide; fatty amino and amide betaines having 10 to 22 carbon atoms, polyoxyethylene 
condensates of C10 to C22 fatty acids or fatty alcohols having up to 95 percent ethylene oxide; ionic 
surfactants such as alkylaryl sulfonates with alkyl groups of 6 to 20 carbon atoms; C10 to C20 fatty acid soaps; 

50 C10 to C20 fatty sulfates; C10 to C22 alkyl sulfonates; alkali metal salts of diaikyl suifosuccinates: C10 to C22 
fatty amine oxides; fatty imidazolines of C6 to C20; fatty amido sulfobetaines having 10 to 22 carbon atoms: 
quaternary surfactants such as the fatty ammonium compounds having 10 to 22 carbon atoms: C10 to C22 
fatty morpholine oxides; aikali metal salts of carboxylated ethoxylated C10 to C20 alcohols having up to 95 
percent ethylene oxide: ethylene oxide condensates of C10 to C22 fatty acids: and alkoxylated siloxane 

55 surfactants containing ethylene oxide and/or propylene oxide units; and ethylene oxide condensates of C1 0 to 
C22 fatty acid monoesters of glycerines having up to 95 percent ethylene oxide; and mono- or diethanol 
amides of C10 to C22 fatty acids. Other types of surfactants are known in the art which have an HLB factor 
greater than or equal to about 1 and which could be used in the practice of the invention. Such surfactants are 
described in a number of publications including McCutcheon's Detergents and Emulsifiers/North American 

60 Edition, 1975, MC Publishing Company, Glen Rock, New Jersey. 

The range of weight ratio of silane to cosurfactant within th scope of the present invention varies with the 
particular combination of silane and cosurfactant. However, the range for all combinations is the range within 
which th mixtur of the silane and the cosurfactant forms a cl ar mixture upon thorough mixing. One a clear 
or translucent mixture of silane and cosurfactant has been obtained, the mixture can be diluted with water to 

65 form a cl ar water-in-oil micellar solution which can then be further diluted to form a clear oil-in-water micellar 
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solution 
Parti! 
include 



Particular combinations of sllan and cosurfactant whirh .u 

alude : 1 to 99 w ight parts 3-(trim?thow35K^2^tS JS?? 8COpe * tne P resent '^ntion 
weight parts ethylene glycol; ^^^S^SS^S^ am 1 m , onlum and 1 to 99 

chloride and 1 to 99 w ight parts prow^gtcoM to 99 we ^SK W^^^ ammonlu '" 
tadecyl ammonium chloride and 1 to 9? weight parts l j ^ e ^^ ,propy,d,meth y |oc - 
methyloctadecyl ammonium chloride and I to 9 9 S welahi ItS^^t^™^*^^- 

water-in-oll or oil-in-water type micellar sSons d ' ,Uted "** to form *able. dear 

liquid form before being Intermixed^ 

To form the clear micellar solution* of th« ^LlZ i mD " ure * tna Present invention, 
silane and about 1 to 99we£ht^^^^ 1 88 weight parts of the 

clear microcrystalline mixture, Minor porflonTrt «SSb!^ phI^m t0 !° ma clear P ourable "Md or a 
parts of water to 99 to 70 parts combined weioh^ 5 a i«™ ™h d J° * h ' S mbCtUre betwe8n 1 30(1 » weight 
These clear miceliar solutions cai the be 22 ^ZooZT^i^T m,0ellar 
solution where the micelles comprised of the tSn^S^SS tom a 01 **> micellar 

a .microscope. TypioaJiy. it requires at ^SSS^ff","!?^ 6 * 
the cosurfactant, or more, to form these clear AbhSSZSSSL I* .. 00n,l ** d "s'snt of the silane and 
oil-in-water micellar solutions contain 5 w^gHercen oTS t„? ^^^^ 
wate,in-oi. types contain 95 weight percen? ¥£? •i^'SlZST* Wh " e °" the **~ 

cle^stSe SSK^ « *o be used to form 

f °S J^RS-* f components ^s nofbeen 

For instance 40 weight parts of cyclopolydlmethylslloxane of the general formula 



I 3 
*Si-0* a 

CH 3 



cySo^o^ 



AfSi-Oj_B 

I' ~~ 
R 



and 10.000: and other water immisciWe hydrocaSn ^su^ mffi^ ^? d , m 00 "» avera 9 betw en 1 
oils, pitch, tar, copolymers, solvents, resins warn ^ P ! tr °'° Um " shts ' P et «"e«m crude 

other oils used in cosmetics ' ^ P olvmer s. insecticides, flavor oils, p rfume oils, and 
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mixtures of the instant invention, but for the following reasons it is believed the silanes remain in a primarily 
monom ric state. Silane surfactants of the present invention which have potential siianol functionality (the 
silanes with alkoxy radicals, for instance) maintain a high degree of siianol functionality in solution despite the 
presence of water in the mixtures which might otherwise be thought to cause hydroiytic condensation of the 

5 silanes. For instance, the micellar solutions comprised of ethylene glycol, water and 3-(trimethoxysilyl)pro- 
pyidimethyioctadecyl ammonium chloride can be durably bound to substrates to the same degree and with the 
same effectiveness as state of the art methods employing methanol based solutions of silanes diluted in water. 
Thus, the present invention provides a stable, easily formulateable delivery system for silanes. 
While partial hydrolysis of the alkoxy radicals of the silanes does occur in the various forms of the invention, 

10 the silanes do not condense to form high molecular weight polymers which are then unable to substantively 
bond to substrates. Because of this unexpected chemical characteristic, a particularly useful aspect of the 
mixtures, etc. is that they are effective delivery systems for said silanes. When one of the mixtures, etc. is put 
into contact with a substrate, the alkoxy functional silanes condense to form high molecular weight 
substantive coatings on the surface of the substrate. 

15 Thus, the present invention provides a material which effectively delivers a silane to a surface without the 
disadvantage of also delivering significant amounts of toxic and flammable solvent such as methanol. The 
silane delivered to the surface or substrate can alter the physical characteristics of that surface. For instance, 
surfaces can be rendered hydrophobic, hydrophillic, lipophillic, or lipophobic using the mixtures of the present 
invention. 

20 The actual utilities achievable using the present invention include rendering surfaces antimicrobial, 
delivering coupling agents to inorganic substrates, delivering color bodies to substrates, delivering antistatic 
character to fibers, or other substrates, providing corrosion resistant coatings, or delivering nutrients to plants 
or animals. Essentially any utility achievable by coating a substrate with a hydrolyzable silane can be achieved 
using the present invention. 

25 The present invention can also be used to deliver water immiscible oils and fluids to substrates. These oils 
include pesticides, lubricant oils, fluorocarbon oils (which are useful in preventing stains), and oils used in 
cosmetic formulations. 

Specific mixtures which are effective delivery systems for forming antimicrobial coatings are those which 
contain 3-(trimethoxysilyl)propyldimethyloctadecyi ammonium chloride, 3-(triethoxysilyi)propyldimethyloc- 
30 tadecyl ammonium chloride, 3-(trimethoxysilyl)propyldidecylmethyl ammonium chloride, or similar silyl 
compounds. 

The following examples illustrate the present invention without fully exemplifying the full scope of the 
invention. Comparative examples are presented which demonstrate a number of the critical limits of the 
invention, or which illustrate the utility of the present invention. 

35 

EXAMPLE 1 

This example illustrates the wide variety of cosurfactants which operate in conjunction with a 
3-(trimethoxysilyl)propyidimethyloctadecyl ammonium chloride to form clear, stable micellar solutions both 
alone and in further combination with water. 

40 

Part 1A 

A commercially available sample of 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride obtained 
from the Dow Corning Corporation as Dow Coming® 5772 Antimicrobial Agent was placed in a beaker with a 
stirring bar, stirred, heated to about 100°C, and the methanol was removed using a vacuum trap. The heating 

45 process boiled away substantially all of the methanol in the Dow Corning® 5772 Antimicrobial Agent product 
(about 2 to 4 weight percent residual methanol remained) leaving a cream colored wax. 

Mixtures comprised of various weight ratios of the cream colored wax and glycerol were made. In order to 
form the glycerol/3-(trimethoxysiIyl)propyldimethyloctadecyl ammonium chloride mixtures, the silane had to 
be heated. Some of the mixtures produced a clear, pourabie liquid within the scope of the present invention. 

50 The heated silane/cosurfactant was a clear pourabie liquid which made intermixing of the two components 
possible. The characteristics of the mixtures were noted and are reported in Table 1. 
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15 



20 



TABLE 1 

Wt. si lane/wt. glycerol Observation 

95/5 clear 

90/10 clear 

80/20 clear 

70/30 clear 

60/40 clear 

50/50 clear 

40/60 clear 

30/70 two phases 

20/80 two phases 

10/90 liquid crystal 

5/95 liquid crystal 

The clear mixtures were examined with a microscope and micelles were observed. The liquid crystals were 26 
confirmed as such by observing the solutions in polarized light and noting the birefringence or lack thereof 
(solutions containing liquid crystals will display double reflectence, i.e., they will glow when exposed to 
polarized light). The two phase systems were mixtures of micellar solutions and liquid crystals. 

PART 2A SO 

Mixtures similar to those in part 1 were made except that propylene glycol was used In place of glycerol. The 
observations of the various mixtures are reported in Table 2. 

35 

TABLE 2 

Wt. si lane/wt. propylene glycol Observation 

5/95 translucent white ^ 

10/90 translucent white 

20/80 clear 

30/70 clear # 

40/60 ' clear 

50/50 clear 

60/40 clear „ 



•70/30 clear 



80/20 clear 

90/10 translucent yellow 55 

The results indicat that the silane/propylene glycol mixture forms clear pourable liquids at certain ratios. 
The translucent mixtures w re still pourable, but were not as stable to freez -thaw cycling as the clear liquids. 

Part 3A «? 

The method of Part 1 was repeated except that pentanol was used In place of glycer I. Th results are 
reported in Table 3. 

66 
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TABLE 3 



10 



15 



20 



25 



30 



Wt. sila ne/wt.p entannl 
5/95 
10/90 
20/80 
30/70 
40/60 
50/50 
60/40 
70/30 
80/20 
90/10 
95/5 



Observation 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 



All mixtures of the silane with pentanol produced miceilar solutions. 
Part 4A 

TabtoV ^ rSPeated GXCePt that 6thy,ene g ' yCOf WaS USed in place of & cero1 ™* resu ^ are reported in 



TABLE 4 



55 



60 



35 


Wt. si lane/wt. ethylene crlvcol 


Observation 




5/95 


clear 




10/90 


clear 


40 


20/80 


clear 




30/70 


clear 




40/60 


clear 


45 


50/50 


clear 




60/40 


clear 




70/30 


clear 


50 


80/20 


clear 




90/10 


clear 



iJ^SI^^" 81 ^ ^ 3 ° ,ea u P0Urable miceI,ar ijc * uid can be formed b V m^ing 3-(trimethoxysilyl) 
propyldimethyloctadecyl ammonium chloride with ethylene glycol. *»iw*y5iiyij 

Part5A 

r,l an 1 + u a , S r P ^ ated once again ' thls time ™ xh th comm rcially available surfactant T rqitol® 15-S-3 a 
polyoxyethylene glycol ether of linear alcohols sold by Union Carbide. The r^™r*^S in KleS 
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TABLE 5 

Wt. silane/wt. Tergitol® 15-S-3 Observation 
5/95 
10/90 
20/80 
30/70 
40/60 
50/50 
60/40 
70/30 
80/20 
90/10 



The clear mixtures were observed to be micellar solutions. This shows that a high HLB factor surfactant 
which is a high molecular weight polymer can be used in combination with a silane surfactant as the emulsrfier 25 
in dear micellar solutions. 

EXAMPLE 2 

This example illustrates the variety of silanes which can be used in conjunction with cosurfactants to form 
dear micellar solutions and clear liquid crystalline solutions. In order to determine whether the various 30 
mixtures made in the following examples were classic solutions, micellar solutions, liquid crystals or standard 
emulsions two techniques were used. 

Samples were examined with a microscope for the presence of micelles. Samples which contained micelles 
and which appeared clear to the eye were labelled microemulsions or micellar solutions. 

More viscous solutions were subjected to polarized light. If birefringence occurred In the sample, liquid 35 
crystals were present. These samples were also observed with a microscope In order to determine whether 
the mixture existed in one or multiple phases. 

Samples were also visually inspected. Cloudy or milky mixtures were determined to be standard emulsions 
(emulsions with particle sizes greater than 0.150 micron In diameter). 

Clear mixtures observed with a microscope to not have micelles present were subjected to elastic light 40 
scattering particle sizing techniques in order to determine if very small sized micelles were present. This 
procedure was carried out where regions of the phase diagram for a particular system Indicated a liquid crystal 
region adjacent to a clear region which did not have microscope visible micelles. 

Part 1B 45 

Various weight ratio mixtures of N-(2-aminoethyl)-3-aminopropyttrimethoxysilane and propylene glycol were 
made and observed under a microscope. These mixtures were then serially diluted wtth water and observed. 
Ail of the mixtures and dilutions were clear. No micelles could be observed by light microscope. 

Part 2B ^ 
Various weight ratio mixtures of 3 - grycidoxypropyitrimet hoxysllane and propylene glycol were made and 

observed with a microscope. The mixturesweTeHHTeTTs^^^ 

microscope in order to determine whether the solutions were micellar solutions or classic solutions. All of the 
mixtures observed were standard emulsions with particle sizes greater than 0.160 micron In diameter. This Is 
an example of a silane surfactant combination which will not form a clear mixture wfthln the scope of the 55 
present invention. 

Part 3B 

Various weight ratio mixtures of 3-(trimethoxysiryl)propyldidecyimethyi ammonium chloride and propylene 
glycol were made. The mixtures were observed using a microscope. Mixtures comprised of 3-(trimethoxysi- 60 
lyUpropyJdidecylmethyl ammonium chloride and propylene glycol were translucent micellar solutions. A 
mixture of 81 weight parts 3-(trimethoxyslIyl)propyldidecylmethyl ammonium chloride, 9 weight parts 
propylene glycol and 10 weight parts water was a translucent micellar solution. 

65 
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Part4B 

r^Sof Si '^ r0Pyltriph Tu yl P hos P honium iodide ^ d P™pylen glycol w re mixed in various weight 
rates. These nurtures wer th n s rially diluted with water and were inspected to see if they w re micellar 

tSZSST*?*?*- ^ SO ' Uti0nS Were ° bserved in both "»"**» of the Propytene 
c^be used w5h fSSESS? f^'T" Trimethxoysl.ylpropyltripheny. phosphonlum S 

micellar JofuSn ° 0SUrfaCtant l0 form a c,ear m,xture which can be mixed with water to form a translucent 

Part 5B 

3-(trimethylsllyl)propyldimethyloctadecyl ammonium chloride and propylene glycol were mixed in various 
weigh ratios ranging from 9 weight parts silane to 1 weight part propylene glycol to wefahTo^sHaTe to 9 

SSfffffit" 9,yco '- A " these mixtures were c,ea? - The 



Table 6 

Weight ratio 

silane/propylene glycol Observation 

9 / 1 liquid crystal 

7 / 3 clear with liquid crystals 

5 / 5 clear, low viscosity 

3 / 7 clear, low viscosity 

1//9 clear, low viscosity 



Ita ISESTSJ?^ indicate that any of the samples contained micelles or liquid crystals. However 
™£SZ 1 f J q , U ' d cr y stalline S0luti0n s- Therefore, the 3-(trimemylsilyl)propyldimethyloctadecy 

, ^rr/c^ 

Part 6B 

3.(trimethoxysilyl)propy!trimethyl ammonium chloride and propylene alvcol were combinpri in warin..e 
offals 

, or liquid crystals. The observations of the various mixtures are summarized in Table 7. 



TABLE 7 

Weight Ratio 

Si lane /Glycol Observation 

viscous/amber and clear 
7 /3 viscous/amber and clear 

5 / 5 less viscous/amber and clear 

3 /7 clear 
1/9 

clear 



Part 7B 



m££lT^^ Snd Pf0pylene 9lyco1 wer mixed in various w ^9ht ratios. All of th 

T^mp^ crystals and micelles. 
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EXAMPLE 3 



This example illustrates that the clear mixtures formori in c». i ., 

solids content micellar or liquid crystaiTS I S d,luted to form "d low 

other materials. Y e50,UB0n s which are stable and which can be easily formulated with 

Part 1C 

in the presence of polarized light in ordeMo'deTeZe Z^^£"™ d T* ml "^^ 
10 weight percent solids (the 

diluted with a minor portion of water to fonm the hioh sS^ 711,8 mbcture can °« 

content clear liquid crystalline solutions 9 °° ntent Clear rrtcellar so,utio ns °r high solids 

Part 2C 

and shows that the mixtures of 3-(trimemoxysZ^ reproduced in Figure 2. 

can be diluted with water to form low solids contend ch,oride «* Slyoerol 

the mixtures can be diluted with minor portions tfwa er to Sn^r^? 2"? ° dia9tBm 8,80 Shows «* 
solutions or liquid crystalline solutions. C,ear 8(8,5,6 ,ow soMs cor >tent micellar 

Part 3C 

and a Methylene g,co, 

serially diluted with water. The various samples were obse^St "V*^ 8 W8,flht rattos were 

component system was made, the results of whtehXe reomd^H^, 1 ° f 1* phase d,8aram for 106 *™ 
3-(trimethoxysilyl,propyldimethy.octadecyla^ 

clear, stable micellar solutions with 0 to 5 weioht oercent tnm^t 15_S ^ 080 be diluted to f °rm 

portions of water, between 1 and 25 wefciM perce^w ^ fo^^h-l^ 6 ! 08,1 8,80 1,8 d,luted 

liquid crystalline solutions. P ' ° l0m clear h, 9 n 3011(18 content micellar solutions or 



Part 4C 



JXZ 22S5S^^ -n vartous weight 

Phase diagram is reproduced In Figure 4 and S™^th«vSl ° b 0 served P er methods of Part 1C. The 
oy< ammonium chloride and pentaS can S d?u£?wS ^^TaS't'olo^ ^-i^^^'methylootade- 
about 10 weight percent solids contents. The mKures will also £Z ? ^ mlceflar «°'"«ons with 0 to 
crystalline solutions. mixtures will also form high solids content micellar and liquid 



Part 5C 



showed M lhe wrtou/rta^^S f r ™ S?f' U .* w ™^™tJ« h P<«'C.Th. raS ul tS 



Part 6C 



of methyltrimethoxysilane and propylene glycol d ZVd 2^1 ? Remonstrated that mixtures 
solutions with solids contents in the 0 to 1 weShTLcert l 6 t« ^ f ° m 8teD,e ' c,ear mlceBar 
content micellar solutions or liquid crystal ^Sutions 9 6 mbCtUreS 8,80 1om hlflh 80,ld8 



Part 7C 



results demonstrated that mixtures ^TrtrimfthZ^ ™ 0U8 a"Ws were observed as per Part 1C. The 
propylene glycol can be diLd Sn watt to torSS^^™^ ammonlum c h'°dde anS 
to 10 weight percent range ™ St8b ' e ' Cl w m,cellar 80,utlon8 with solids contents in the 0 
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Part8C 

Mixtures of trimethoxysilylpropyltriphenyl phosphonium iodide and propylene glycol were made in various 
weight ratios and serially diluted with water. The various aliquots were observed as per Part 1C The results 
demonstrated that mixtures of trimethoxysilylpropyltriphenyl phosphonium iodide and propylene glycol can be 
range t0 f ° rm ^ ""^^ solutions with solIds contents 'n the 0 to 10 weight percent 

EXAMPLE 4 

This example illustrates the ability of the present invention to form oil-in-water microemulsions using hexane 
J 6 ^ f r 'T ,so ! b,e ii( ' uid - Various wei g"t ratio mixtures of propylene glycol and 3-(trimethoxysilyl)pro- 
pyldimethyloctadecyl ammonium chloride were made. These two component mixtures were serially diluted 
with water and the aliquots were observed by the methods of Example 3, Part 1C. To each of the resultant 
mixtures of propylene glycol, 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride and water 
hexane was added in order to produce mixtures with 10 weight percent, 30 weight percent, 50 weight percent 
70 weight percent and 90 weight percent hexane. Phase diagrams for these certain weight percentages of 
hexane mixtures were made and are reproduced in Figures 5, 6, 7, 8, and 9. The phase diagrams demonstrate 
that stable, clear oil-m-water and water-in-oil microemulsions can be made using 3-(trimethoxysilyl)propyldi- 
methyloctadecyl ammonium chloride and propylene glycol as the emulstfier. 

EXAMPLE S 

This example demonstrates that microemulsions stabilized by 3-(trimethoxysilyl)propyldimethyloctadecvl 
ammonium chloride and ethylene glycol are effective delivery systems for durable antimicrobial surface 
treatments which are functionally equivalent and as effective as state of the art treatments 

The state of the art treatment methods employ commercially available methanolic solutions of 
3-(tnmethoxysilyl)propyldimethyloctadecyl ammonium chloride or 3-(trimethoxysilyl)propyldidecy!methyl 
ammonium chlonde. These solutions are then diluted with water to 0.5 to 3 weight percent silane 
concentrations in which substrates are immersed in order to treat such substrates 

Various levels of a mixture of 3-(trimethoxysilyl)propyldimethyloctadeoyl ammonium chloride and ethylene 
glycol diluted with water to about 0 to 5 weight percent silane were applied to a variety of fabrics including 
Polyester, cotton and nylon. Similar samples of the same fabric were treated with a methanol based solution of 
3-(tnmethoxysllyl)propyldimethyloctadecyl ammonium chloride diluted with water at the same silane 
concentrations. The surface level treatment as applied to the fabrics was the same in both cases 

The antimicrobial and fungicidal properties of the treated fabrics were measured by accepted methods For 

r, S !t n ^ n ^ e Tu nt i miCrobial activity of tne treated fabric was tested "V a method based upon AATCC Test 
Method 100. The fungicidal activity of the treated fabric was tested by a method based on AATCC Test Method 

On all three types of fabric, the method employing the present invention was as effective in creating an 
antimicrobial surface as the state of the art treatment method employing methanol based solutions of 
3-(tnmethoxysilyl)propyldimethyloctadecyl ammonium chloride diluted with water. 

Figure 1 is the phase diagram for mixtures of 3-(trimethoxysilyDpropyldimethyloctadecyl ammonium 
ch or.de, propylene glycol, and water. Regions labelled "A* denote mixtures that formed clear micellar 
solutions Regions labelled "B" denote regions where clear viscous solutions of liquid crystals formed 
Regions labelled C denote regions where standard, creamy emulsions formed. "D" labelled reoions 
denote mixtures that separated into two components. 

Figure 2 is the phase diagram for mixtures of 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium 
chlonde. glycerol, and water. Regions labelled "A" denote mixtures that formed clear micellar solutions. 

.u. 0 ?.^ ote regions where clear vtscous solutions of liquid crystals formed. Regions 

labelled C denote regions where standard, creamy emulsions formed. "D" labelled regions denote 
mixtures that separated into two components. Regions labelled "E" denote mixtures which separated into 
three components. K 

rh^L 3 ^ 6 'J** 8 . 8 6i&9 -^ f T mMures 0f 3 -(trimethoxysilyl)propyldimethyloctadecyl ammonium 
chloride a high molecular weight polyoxyethylene glycol ether of linear alcohols sold as Tergitol® 15-S-3 
by Union Carb.de, and water. Regions labelled 'A' denote mixtures that formed clear micellar solutions. 

2S2? 1 ? £^ « B ° tS re9 ' 0nS Where C,ear viscous solutions of liquid crystals formed. Regions 
labelled C denote regions where standard creamy emulsions formed. "D" labelled regions denote 
mixtures that separated into two components. 

JX" 4 i V he , pha ! e diagram for mbrtures of 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium 
chloride, pentanol, and water. Regions labelled "A" d note mixtures that formed clear micellar solutions 

ESEDfS 8 ! ♦ de , n0te "L gions wnere clear viscous soluti o ns of liquid crystals formed. Regions 
labelled C denote regions where standard, creamy emulsions formed. *D' labelled regions denote 
mixtures that separated into two components. Regions labelled "E" separated into three components 
Figure 5 is the phase diagram for mixtures of various weights of 3-(trimethoxysilyl)propyldimethyloc- 
^ n,um ontonde Propyl ne glycol, and water with 10 weight percent of the Immiscible liquid, 
hexan . Reg.ons labelled A denote mixtures that formed cl ar micellar soluti ns. Regions labelled "B" 
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denote regions where clear viscous solutions of liquid crystals formed. Regions labelled "C" denote 
regions where standard, creamy emulsions formed. "D" labelled regions denote mixtures that separated 
into two components. 

Figure 6 is the phase diagram for mixtur s of various weights of 3-(trimethoxysilyI)propyldimethyioc- 
adecyl ammonium chloride, propylene glycol, and water with 30 weight percent of the water immiscible 
liquid, hexane. Figure 7 is the same mixtures with 50 weight percent hexane 

Figure 8 is with 70 weight percent hexane and Figure 9 Is with 90 weight percent hexane. Regions 
labelled A denote mixtures that formed clear miceliar solutions. Regions labelled "B" denote regions 
where clear viscous solutions of liquid crystals formed. Regions labelled ■(? denote regions where 
standard, creamy emulsions formed. *D" labelled regions denote mixtures that separated into two 
components. Regions labelled "E" separated into three components 



Claims 



4. The composition of claim 1 wherein said silane is chosen from the group consisting of 

(CH 3 0)3SiCH 3 , 
(CH30)3SiCH 2 CH2CH 3 . 
(CH30)3SiCH 2 CH2CH2CH2CH2CH3, and 
(CH 3 0) 3 SiC8H 5 . 

5. The composition of claim 1 wherein said silane is chosen from the group consisting of 

(CH 3 0)3SiCH2CH2CH 2 P + (C6Hs)3C|-, 
(CH 3 0)3SiCH2CH2CH2P + (C6H 6 )3Br- l 
(CH 3 0)3SiCH2CH2CH2P + (CH3)3C|- f and 
(CH 3 0)3SiCH2CH2CH2P + (C6Hi 3 ) 3 C|-. 

6. The composition of claim 1 wh rein said silane is chosen form the group consisting of 
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1. A clear composition which is a microemuision, miceliar solution, or a liquid crystal contalnina 
solution, the composition comprising: w 

(a) a silane represented by the formulae 
i)X4-nSi(RNH a R'bYc)n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyi radical with 1 to 6 carbon atoms ; 

Y denotes an acid anion ; 

nis1 t 2or3: 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms; 

R' denotes alkyi radicals with 1 to 22 carbon atoms, saturated hydrocarbon radicals contalnina 
nitrogen, or unsaturated hydrocarbon radicals containing nitrogen; 
ais0,1or2; 
bis0,1,2,or3: 

in v° h cSm ilft? Um ° f a + b IS 2 ° r 3 when the sum of a + b is 3 « c is 1 - otherwise c is 0; 30 
u) X4-n5l(RPR 3Y)n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyatkoxy radical with 2 to 8 
carbon atoms, or an alkyi radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms, R" denotes an aikyl radical with 1 to 20 carbon atoms, or a phenyl radical 
and n is 1,2, or 3; or 1 
HiJXsSiR" 35 
Where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyi radical with 1 to 6 carbon atoms and R w denotes an aikyl radical with 1 to 6 
carbon atoms or a phenyl radical; and 

(b) a cosurfactant compound which has an HLB factor of at least 1 , and which combined with said 40 
silane forms a clear mixture at room temperature when mixed with water. 

2. The composition of claim 1 further comprising 

(c) sufficient water to form, when combined and thoroughly mixed with said silane and said 
cosurfactant, a clear mixture. 

3. The composition of claim 1 where the silane is chosen from the group consisting of 

(CH30) 3 Si(CH2)3N + (CH 3 )2Ci8H37a-, 

(CH30)3Si(CH 2 ) 3 N + (CH3)2Ci8H37 Bn, 
(CH 3 0) 3 Si(CH 2 ) 3 N + (CioH2i) 2 CH 3 CI", 
(CH 3 0)3Si(CH 2 ) 3 N + (CioH 2 i) 2 CH3 Br", and 

-{CH 3 0)3Si(GH 2 )3N±(GHs)3C! 
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(CH 3 )3SI(CH2)3N + (CH3)2C12H25C|-, 

(CH3)3Si(CH2)3N + (Ci 0 H2i)2CH 3 CI-, and 
(CH 3 )3Si(CH2)3N + (CH3)2Ci8H 37 C|-. 

7. The composition of claim 1 wherein said silane is 

(CH30)3Si(CH2) 3 NH(CH2)2NHCH2C6H 4 CHCH2.Ha 

8. The composition of claim 1 wherein said silane is chosen from the group consisting of 

(CH 3 0) 3 Si(CH2) 3 N(CH3)2, 
(CH 3 0)3Si(CH2) 3 N(CH2CH3)2. 

(CH30) 3 Si(CH2)3N(CH 2 CH2CH3)2. 
(CH 3 0)3Si(CH2) 4 N(CH 3 )2, and 

(CH 3 0)3SiCH2CH(CH 3 )CH2N(CH3)2. 

mSJUHiSHf 0iWn 7 ater , 1 , yP e miC8llar solution made by diluting the composition of claim 1 with 
sufficient water to form a clear oil-in-water type micellar solution 

c ' ear ; 8t * b ' e water-in-oil type micellar solution made by diluting the composition of claim 1 with 
sufficientwatertoformaclearwater-in-oiltypemicellarsolution 

11. The clear mixture of claim 1 wherein the silane is 3-(trimethoxysilyl)propyldimethyioctadecvl 

3eiS m a n?St (a> and t l he c ° sur l a Q ctant < b > * P^Pylene glycol and (a) is present iSlKfJS 
by weight, and (b) is present from 1 to 99 parts by weight H 

amt^L^ZriilT H^ Claim 1 * nerein tne sila " a is 3-(trimethoxysilyl)propyldimethyloctadecyl 
weX ^SSi££S the ° os " rfactan t(b) is ethylene glycol and (a) is present from 1 to 99 parts by 
weight, and (b) is present from 1 to 99 parts by weight 

a l 4 m I5 e Cl8 ^ 2*5'? °L Claim 1 Wnerein tne silane is 3-(trimethoxysilyl)propyldimethyloctadecvl 
Sah end 2SSS W ^ th , e + °° s Q urfactant W * Pentanol and (a) is present from 1 to 99 part by 
weight, and (b) is present from 1 to 99 parts by weight. 

15. The clear mixture of claim 1 wherein the silane is 3-(trimethoxysiM)propyldimethvloctadecvl 
ammonium chloride (a) and the cosurfactant (b) is a polyoxyethylene glycoh Mid SSSSSSSl^ 
parts by weight and (b) is presentfrom 1 to99parts by weight 9 ' yco,ana W 18 Presentfrom 1 to 99 

i?;!? 6 , 0 ^ ar J71 i if tlJre ° f Claim 1 wherein the sllane is 3-(trimethoxysilyl)propyldidecylmethyl ammonium 

^?;IIi ,e , Cl f ar ?i! rtUre ° f i laim 1 wherein the silane ls 3-(frimethoxysilyl)propyldidecylmethyl ammonium 
pSn^ 

rSrUo^wlf re ° f 5 ,a,m 1 wherein the si,ane is 3-(trimethoxysilyl)propyldidecylmethyl ammonium 

RSlSsrr 9lyc °' "* ,al te * - ' * 99 ^ 

■.SJ?,?"' JS?"* °'f Wm 1 ,he •*■"• ls MlrlmethoxiisllillproiMdldscylmethyl ammonium 

22. A clear stable oil-in-water microemulsion comprising 
(a) a silane represented by the formulae: 

i) X4- n Si(RNHaR' b Yc)n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms: o*yaiKoxy raaical with 2 to 8 

Y denotes an acid anion; 

nis1,2or3: 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms- 

R denotes alkyl radicals with 1 to 12 carbon atoms; saturated hydrocarbon radicals contains 
nitrogen, r unsaturated hydrocarbon radicals containing nitrogen nyar ° CarDon rad,cals conta '™9 
aisO, 1or2; ' 
bis0,1,2,or3; 

ii) X^aJSpR"3?r 0fa + blS20r3andWhenthe8umofa + bi8 3.cis1.otherwlsecisO; 

wh re X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 



14 



I 



0 279 623 

carbon atoms, or an aJkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 

md n te°1 2°o?3° n at0rnS ' R " den0t6S *" a,kyl radiCal mh 1 10 20 Cart6n at ° m8, 0r 8 phenyl radlcal ' 
Hi) X3S1R" ' 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 s 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and FT denotes an alkyl radical with 1 to 6 
carbon atoms or a phenyl radical; y '"" lcm win 1 10 b 

coSL? 08U J factmt com P°"n° which has an HLB factor of at least 1 and which when combined with 
said silane forms a clear mixture at room temperature when mixed with water- 

waSfmmlscKanV^ 8 """'""^ microemu,s,on 8 mbrt ^ « « and (b), and a 10 
with K?wdTc) er immiSCible oil t0 form a clear stable o"«wtor mlcroemulslon when combined 

23. A clear stable water-ln-oil microemulsion comprising 

(a) a silane represented by the formulae: 

I) X4. n Si(RNH a R'bYc)n 15 
where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms; 

Y denotes an acid anion ; 
nis1,2or3; 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms- 20 
R" denotes alkyl radicals with 1 to 22 carbon atoms; saturated hydrocarbon radicals containina 
nitrogen, orunsaturated hydrocarbon radicals containing nitrogen- containing 
also, 1or2; " J ' 

bisO, 1,2,or3; 

ii)xll S s°(RPR''3Y) S „ Um0fa + bis2or3 ' andwhenthesum ^a + bis 3,c is 1, otherwise c is 0; * 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 
wrth 1 to .6 carbon atoms, R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical, 30 
ano n is 1 , d. , or 3 , or 
Hi) X3SiR" 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R" denotes an alkyl radical with 1 to 6 
carbon atoms or a phenyl radical; yiiau.wuw.ui 1100 

(b) cosurfactant compound which has an HLB factor of at least 1 and which when combined with 
said silane forms a clear mixture at room temperature when mbced with water- 
wateMrSScSe^ir t0 ^ & ^ Water " in " oil microe ™lsion with a mixture of (a) and (b), and a 

JS L S wk? en * wa J er lmm 'scible oil to form a clear stable wafer-in-oil microemulsion when combined 40 
wrcn (a;, (d) and (c). 

24. A clear stable liquid crystalline solution comprising 

(a) a silane represented by the formulae : 
.)X4-nSi(RNHaR'bY c )n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 45 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms; 

Y denotes an acid anion; 
nis1,2or3; 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms* 

nvtZS^ ^ ^1 t0 22 Carbon atoms; satur *ted hydrocarbon radicals containing 60 

nitro gen, or unsaturated hydrocarbon radicals containing nitrogen; 



aisDri'or^r 
bis 0,1, 2, or 3; 



n))^(RPR*X Um0fa + bis2 ° r3,andwhenthesumof a + t> is 3, c Is 1, otherwise c is 0; 
where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 

and n !is°1 iS^or d6n ° teS " ^ ^ 1 10 20 Carb ° n at0m8, or a phenyl rad,cal ' 

HDXaSIR- ' 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R" denotes an alkyl radical with 1 to 6 
carbon atoms or a ph nyi radical; 

(b) cosurfactant compound which has an HLB factor of at least 1 and which when combined with 
said silane forms a clear liquid crystalline solution at room temperature when mbced wrth wat r; 

(c) sufficient water to form a clear liquid crystallin solution with a mixture of (a) and (b). 
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Fig. 3 
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Fig-. 4 
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Fig-. 7 
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Fig- 9 
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© Silane mlcroemulsions. 

© Clear stable miceilar solutions comprising : 
(a) a silane represented by the formulae: 

OX^SitRNHaR'bYcJn 

where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyaikoxy radical with 2 
to 8 carbon atoms, or an alkyl radical with 1 to 6 
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Y denotes an acid anion ; 
n is 1,2 or 3; 

R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms ; 

R' denotes aJkyl radicals with 1 to 22 carbon 
atoms; saturated hydrocarbon radicals contain- 
ing nitrogen, or unsaturated hydrocarbon radi- 
cals containing nitrogen; 

a is 0,1 or 2; 

bis 0,1, 2. or3; 

c is 0 or 1; the sum of a + b is 2 or 3 and when 
the sum of a and b is 3, c is 1 , otherwise c is 0: 

ii)X**SI(RPR" 3 Y)„ 
where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyaikoxy radical with 2 
to 8 carbon atoms, or an alkyl radical with 1 to 6 
carbon atoms, R denotes a divalent hydrocarbon 



radical with 1 to 6 carbon atoms, R" denotes an 
alkyl radical with 1 to 20 carbon atoms, or a 
phenyl radical, and n is 1 , 2, or 3; or 
IH)X3SiR" 

where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyaikoxy radical with 2 
tO"u"CaruOu"aiOiTi57ur arra!icy(Tttuic&)"W^ 
carbon atoms and R ro denotes an alkyl radical 
with 1 to 6 carbon atoms or a phenyl radical; and 
(b) a cosurfactant with an HLB of at least 1 . 



Bundfesdruckerei Berfih 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 88 30 1266 





DOCUMENTS CONSIDERED TO BE RELEVANT 






Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


APPLICATION (Int. a. 4) 


D,X 


EP-A-0 181 182 (DOW CORNING CORP.) 
* Claims; examples; page 3, line 5; 
Daoe 6. line 18 - naae 7 linp 3n* nana 
10, lines 3-9 * 


1-3,9, 
22,24 


B 01 F 17/00 


D,X 
A 


EP-A-0 138 192 (DOW CORNING CORP.) 
* Claims; example 14 * 


1,2,4,9 
,22,24 
12,15, 
18,20 




X 

A 

A 


US-A-4 005 030 (D.C. HECKERT et al.) 
wnoie aocument 


1,2,9, 
10,22- 
24 

3-8,11- 
21 




v 

A 
A 


EP-A-0 075 990 (THE PROCTER & GAMBLE 
CO.) 

* Whole document * 


1,2,9, 
22,24 

8,11,15 




D,A 


US-A-4 052 331 (J. DUM0ULIN) 
* Abstract; claims * 


,17,20 


TECHNICAL FIELDS 
SEARCHED (Int. CU) 


1,15,20 
,24 


B 01 F 


A 


US-A-4 122 029 (R.P. GEE et al.) 
* Whole document * 


1,10,23 




A 


CHEMICAL ABSTRACTS, vol. 85, no. 16, 
18th October 1976, page 106, no. 
110398y, Columbus, Ohio, US; & JP-B-75 
35 062 (DAIICHI K0GY0 SEIYAKU CO., LTD) 
13-11-1975 

-/- 


1,3,6-8 




The present search report has been drawn up for all claims 







Place of search 

THE HAGUE 



Date or completion of the search 

04-07-1988 



Examiner 

DE LA MORINERIE B.M.S.E 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theoiy or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document died for other i 



& : member of the same patent family, corresponding 
document 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Page 2 

Application Number 

EP 88 30 1266 



i 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 



Citation of document with indication, where appropriate, 
of relevant passages 



US-A-3 730 905 (G. KOERNER et al.) 
* Claims; columns 1,2 * 



US-A-3 644 255 (D.R. 
* Whole document * 



THOMPSON) 



Relevant 
to claim 



1-24 



1-24 



CLASSIFICATION OF THE 
APPLICATION flnt. d.4) 



TECHNICAL FIELDS 
SEARCHED (Int. CI.4) 



The present search report has been drawn up for all claims 



Place of search 



THE HAGUE 



Date of completion of the search 

04-07-1988 



Examiner 



DE LA MORINERIE B.M.S.E 



s 
s 

as 
a 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after tbe filing date 
D : document cited in the application 
L : document cited for other reasons 



& ; member of the same patent family, corresponding 
document 



